Abstract: The study empirically estimates the relative technical efficiency of Nigeria upstream petroleum industries and its determinants using non-parametric and parametric analysis. The non-parametric analysis' results reveal that joint venture contract operators, marginal field contract operators, sole risk contract operators, production sharing contract operators, service contract operator and national oil company contract have the following technical efficiency grades: 75%, 67%, 65%, 64%, 42% and 23%, respectively. On the other hand, the parametric analysis result indicates that four of the selected independent variables are statistically significant determinants of the upstream technical performance. The findings support the plan exit of cash calls policy by the government and confirm that the proposed exit of the model is not harmful to both the government and the investors. For the indigenous participants, we submit that the government may put in place attractive incentives policy to encourage more indigenous participation in the upstream business.
PUBLIC INTEREST STATEMENT
One of the major challenges faced by petroleumproducing countries today is how to reliably know the technical performance (TP) of the industry's operators and its determinants for effective policy formulation. The study engaged non-parametric analytics approach (NAA) to estimate upstream TP and parametric analysis approach (PAA) to identify its determinants in Nigeria upstream environment. NAA results reveal that joint venture contractors, marginal field contractors, sole risk contractors, production sharing contractors, service contract operatorand national oil company recorded the following TP grades, respectively: 75%, 67%, 65%, 64%, 42% and 23%. Similarly, PAA results indicate that four of the selected independent variables are statistically significant determinants of Nigeria upstream TP. Our findings support the plan exit of cash calls policy and confirm that the proposed exit is not harmful to both parties. However, we advise the government to put in place attractive incentives to attract more indigenous participants.
Introduction
Petroleum upstream industry worldwide can be described as a technically oriented sector due to sub-surface complexities (Zhenhua et al., 2018) . Due to the nature of the sub-surface where petroleum is found, most endowed countries consider knowing the technical performance (TP) of the industry as a key to sustainable returns on investments. It is, however, difficult to differentiate between TP of an industry and its technical efficiency (TE). This study considers these two performance indicators as the same in relation to Nigeria upstream industry. Nigeria is one of the major petroleum-producing countries in the world today and the biggest in sub-Saharan Africa (Echendu & Iledare, 2015) . In 2000, Nigeria petroleum exports contributed about 98% and 14% to exports earnings and gross domestic products, respectively (Tafamel & Akrawah, 2015) . The oil proved reserves of about 37 billion barrels and estimated gas proved reserves of about 188 trillion standard cubic feet (Tscf) which make Nigeria to be one of the 10 most influential petroleumproducing nations in the world today (OPEC, 2017) .
Similarly, Odularu (2012) opined that the contributions of oil and gas to Nigeria's economy are vital to its economic sustainability. Based on this, Nigeria government makes several efforts through its Big Win Initiative and policies to ensure that the sector delivers both economic and political dividends to its people. Some of the government's priorities in short and medium terms are to ensure investment sustainability across the oil value chain, transform from being an importer into a net exporter as well as adding value via downstream processes. But, how far can the government go without having adequate information on the TP of the upstream industry's operators and the determining factors for a sustainable policy formulation? Kumbhakar and Lovell (2003) explained that a firm is said to be technically efficient (TE) if such a firm can achieve a maximum level of operational outputs considering the allowable input(s). On the other hand, it is also regarded as efficient if the firm can minimize its inputs considering a certain level of output(s). Oil and gas companies are expected to produce a certain volume of outputs based on the allocated proved reserves by the host country. For Organization of Petroleum Exporting Countries (OPEC) members such as Nigeria, each country has a quarterly production quota set by OPEC. Therefore, an operator or group of companies has a responsibility to contribute an allocated volume of oil to the centre. Based on this, the TP of each of these operators is important to the total production volume of the producing country. Relative technical efficiency (RTE) measurement for petroleum industry is premised on the production technology of the industry as represented by the general production function. To carry out this estimation, an output-oriented data envelopment analysis framework is preferred because oil and gas business is highly capital intensive and, in most cases, rely on borrowed capital. In this regard, one of the petroleum investors' major aims is how to quickly recover the invested (borrowed) capital and make profits for the shareholders.
The study seeks to estimate RTE for each of the Nigeria upstream operators within the period 2010-2016, examine the operators' TE determinants and suggest policies for a sustainable development of the sector. To achieve the first objective, the study engages a non-parametric method characterized as a variable return to scale-data envelopment analysis (VRTS-DEA). Roman and Gotiu (2017) describe DEA as a non-parametric method of estimating production efficiency frontiers. DEA technique bases its estimation on linear programming to measure the relative performance of related firms that are using multiple inputs to produce multiple outputs (Morita & Avkiran, 2009 ). In addition, an economic analysis was conducted using a parametric model (fixed effects regression model) to analyse the determinants of TE and the impacts on operator's efficiency level in a relative sense. Based on the results obtained from the two analysis, specific policies are suggested for optimal upstream development in Nigeria.
The structure of this paper is divided into five broad sections. Section 2 briefly reviews the DEA literature in relation to variable return to scale (VRTS) assumption, constant return to scale (CRTS) assumptions and regression analysis (parametric). The two methodological frameworks used in the study, i.e. non-parametric and parametric, are discussed in Section 3. This is followed by Section 4 which concentrates on the presentation and analysis of the empirical results. Finally, the study makes concluding remarks by suggesting policies for optimum upstream development in Nigeria and perhaps for other petroleum producing countries.
Literature review
DEA method allows the combination of multiple outputs and multiple inputs to measure TE. It is estimated using the ratio of weighted outputs to that of weighted input framework (Li, Li, & Wu, 2013a; Li, Yang, & Liu, 2013b; Song, Li, Zhang, He, & Tao, 2014; Toloo & Nalchigar, 2009; Zarepisheh, Soleimani-Damaneh, & Pourkarimi, 2006; Zheng & Park, 2016) . The method has been in use for evaluating the performance of a related decision-making units (DMUs) for over a decade. DEA knowledge was first conceived and presented by Farrell (1957) , his work gave an insight into measuring production technology effectiveness using DEA. An improvement on Farrell's work was made by Charnes, Cooper, and Rhodes (1978) . They tagged Farell DEA model as CRTS which most authors referred to today as (Charnes, Cooper & Rhodes) CCR model. Another improvement was made by Banker, Charnes, and Cooper (1984) ; they expanded CCR model to becoming VRTS model which is now tagged as BCC (Banker, Charnes & Cooper) or VRTS model. VRTS model considers unideal cases where production scale could be decreasing, increasing or constant (Idowu, Iledare, & Dada, 2019) . Nigeria upstream operational environment is a typical example of unideal oil and gas operational environment due to factors such as unstable upstream policies, political instability, challenges posed by the Niger Delta militants, delays in obtaining necessary permits or licences among others. In line with this observation, the study engages output VRTS-DEA model to estimates technical efficiency scores for all the 32 active upstream operators covering the period from 2010 to 2016. Toloo and Nalchigar (2009) developed a novel integrated DEA model for ascertaining the most VRTS-efficient DMUs, which was previously not the case. The relevance of the purported integrated model was exemplified with the aid of a real data set which comprises 19 facility layout alternatives. Few years later, Foroughi (2013) presented a revised and generalized model with improved discrimination for finding the most efficient DMUs in DEA. In that paper, Foroughi concluded that the models published by Toloo and Nalchigar (2009) for VRTS models may not be feasible. In a bid to improve the Toloo and Nalchigar (2009) integrated DEA model, Toloo (2012) presented a paper that addressed the shortcomings in Toloo and Nalchigar (2009) . An unexampled integrated DEA model was presented to ascertain the most VRTS efficient DMU. Moreover, Wang, Yu, and Zhang (2013) gave the following two advantages of the VRTS model over that of CRTS model. The first one is that the VRTS model produces RTE which could be decreasing, increasing or constant. Secondly, the weighted outputs combination could be maximized and minimized, simultaneously.
Regarding the parametric method of analysis, Wolf (2009) examined company ownership effects on the performance of the global oil and gas industry. He investigated whether there were systematic performance differentials between national oil companies (NOCs) and the international oil companies (IOCs) covering the period from 1987 to 2006 using regression analysis. He grouped the companies into four different ownership categories, using four indicators, the study resolved that ownership type is very important. He stated that private ownership inspires better efficiency than state ownership. Eller, Hartley, and Medlock (2010) also used DEA methodological framework to evaluate differences in technical efficiency between IOCs and NOCs. They obtained consistent results with another method. However, they used only three-year data which is from 2002 to 2004 unlike the current study which is considering data from 2010 to 2016. Eller et al. (2010) 's analysis focused on two groups while this study groups Nigeria operators into six distinct categories. Ike and Lee (2014) engaged both non-parametric analysis and parametric analysis to measure productive efficiency and its determinants, respectively. Their work concentrated on NOCs and IOCs efficiency difference without considering the local or marginal oil fields operators. They suggested policies based on the results obtained from the secondary analysis using the non-parametric method. In this study, we extended the time interval of the previous studies and divided the 32 active Nigeria operators into six groups based on contracts, namely,joint venture contract operators (JVCO), production sharing contract operators (PSCO), service contract operator (SCO), sole risk contract operators (SRCO), marginal field contract operators (MFCO) and NOC. Based on this categorization, important upstream policies were suggested for optimum development of Nigeria upstream operations.
Methodological frameworks
In this section, we discuss the non-parametric and parametric analytic methods used to estimate RTE and its determinants, respectively. Data used for these analyses and their sources are also explained subsequently.
Non-parametric analysis framework-DEAF
Non-parametric models are basically described as a distribution-free models because the models are based on fewer or no assumption. It differs precisely from the parametric model in that the parameter set is not fixed, i.e. it either increases or even decreases if new pertinent information is collected (Murphy, 2012) . DEA is an example of a non-parametric model that engages a linear programming framework to measure productive efficiency of DMUs. Fundamentally, DEA is used for related firms that engage at least two inputs to produce several outputs (Sepehrdoust & Rajabi, 2011a; Sepehrdoust, 2011b) . DEA optimizes the ratio of the sum of weighted outputs to the sum of weighted inputs and solves for a group of weights that satisfies a set of linear equations (Rouse, Putterill, & Ryan, 1997) . RTE takes values ranging from 0 to 1; it is 1 when a particular operator is fully TC, but less efficient when the efficiency index is less than 1.
In addition, an efficient production unit achieves the highest possible outputs using the available inputs, while the outputs proportion guarantees maximum revenue (Kocisova, 2014) . In the first stage of this study, the following mathematical specifications were used to generate the needed variable return to scale technical efficiency index (VRTS teindex ) for each of the 32 active operators in the sample. In doing this, the listed and defined below mathematical notations were used: The fractional version of the VRTS model is given as;
To derive the linear VRTS-DEA model, the sum of weighted inputs ( ∑ 
To estimate the efficiency index for each of the 32 operators, we coded Equation 3(a-d) into a Microsoft excel spreadsheet aided with visual basic for applications (VBA) as shown in Table 1 and Figure 1 . VBA was used to ensure TE indexes were generated simultaneously. The analysis was carried out using output oriented-VRTS-DEA model because petroleum businesses worldwide are highly capital intensive. So, most oil and gas upstream investors focus more on how to maximize oil and gas production for timely return on investments and good profits margin. 
Parametric analysis framework-panel data estimation
Parametric statistical analysis assumes that sample data originates from a given population that follows a probability distribution based on a fixed set of parameters (Geisser & Johnson, 2006) . One example of a parametric analysis is a balance micro panel data estimation. This was carried out to identify TE determinants in Nigeria exploration and production (E & P) operational environment. Baltagi, Bratberg, and Holmås (2005) stated that panel data controls for individual heterogeneity, less collinearity among variables and has the capacity to track trends in the data which is impossible for time-series or cross-sectional data. Besides, more degrees of freedom and efficiency are achieved with panel data (Gujarati & Porter, 2009 ). Prior to estimating the parameters of the specified panel data model, the study ascertained which of the estimation models or specification among random effect (RE), fixed Effect (FE) and pooled OLS is suitable for the analysis using Hausman test (Baltagi et al., 2005; Hausman, 1978; Wooldridge, 2002) . A central assumption in random effects estimation is that random effects are uncorrelated with the explanatory variables. The chi-square statistic from the Hausman test provides adequate evidence against the null hypothesis that there is mis-specification. Thus, the test results led to the selection of FE regression for the estimation of the parameters of the panel data as against the study conducted by Ike and Lee (2014) .
Data sources and analysis
The variables used for non-parametric analysis in stage one of this study are as shown in Table 2 . The inputs and outputs data used were obtained from the Nigerian Department of Petroleum Resources (DPR), Nigerian Bureaus of Statistics, Nigerian National Petroleum Corporation (NNPC) and Ministry of Petroleum Resources. However, to avoid the challenges of imbalances in the data magnitude, we mean normalized the data collected as recommended by Sarkis (2007) . Also, looking at the fact that oil and gas reserves are keenly related, we used barrels of oil equivalent (BOE) as the unit of measurement for oil and gas proved reserves.
Similarly, in the regression analysis of the panel data, we engaged E-view Econometric Software Package Version 9.0. To carry out the analysis, five independent variables which affect both local and international petroleum investors were considered. These independent variables were transformed by log to prevent the challenges posed by imbalances in the data magnitude and improve normality. The five variables are as follows:
(1) Gross taxes paid per year by each operator as a proxy for upstream policy (4.11$/bbl.); (4) Proved gas reserves to production ratio (RPGas) direct calculation;
(5) Proved oil reserves to production ratio (RPOil) direct calculation.
Presentation of results and analysis
The output-oriented VRTS model results as reported in Table 3 Figure 2 illustrates these trends notwithstanding the global economic downturn during the period. In other words, this could mean that operators' TE responds strongly to crude oil price volatility. Similarly, about 43% of the operators were efficient in 2010 and 2011 respectively while the number of efficient operators reduced to below 42% from 2012 to 2013 and later reduced to an average of 34% in between 2014 and 2016. However, the study uses the decision criteria shown in Table 4 to classify the operators' TE indexes within the period as follows: about 37% of the operators were TE within the period, 6% performed above average, 10% in the average position, 25% performed below the average while the remaining 22% ranked to be inefficient.
In summary, the group mean performance chart for the five upstream contract arrangements and the NOC is shown in Figure 3 , while Table 3 shows that three of the JVC operators (JVCO5, JVCO2, JVCO3) recorded TE indexes of 100% despite the cash calls challenges. The appearance of the 3 JVC operators on the efficient production frontier may be linked to the increasing investments on new technologies to ensure a proportionate oil and gas production. The SRCOs as well as PSCOs recorded mean TE indexes of 65% and 64%, respectively. The eight MFCOs which are mainly indigenous companies recorded higher mean indexes of about 67% compared to 9 SRCs. Nigeria owned NOC recorded 23% TE index, which means that the company was about 77% inefficient within the period. This agrees with some previously reported observations, which in most cases linked NOC poor performance to the overbearing host government interest, a dearth of experts and politics (Eller et al., 2010; Wolf, 2009 ).
The parametric analysis results shown in Table 5 reveals (based on probability value) that the proxy determinants of TE are statistically significant at the conventional level of 5% and 10%. The coefficients of these determinants possess the right sign except the proxy for WCOD. Similarly, constant is also highly significant having the expected sign. On the contrary, GTAX (policy) is statistically insignificant at the conventional significant level. All the independent variables are expressed in percentages; thus, 1% increase in WCOD will on the average bring about 3.57% reduction in TE indexes of the operator. This implies that WCOD impacts negatively on the variation of the TE index of the operators. This is contrary to the a priori expectation and the plausible explanation for this development is the quota system carries out by OPEC.
Further, increasing OEXP by 1% will on the average bring about 0.37% increase in TE index. By implication, the number of years a particular upstream operator has been in operation enhances its TP positively. So, the more experience on the job, the greater the TE. Likewise, when RPOIL and RPGas are increased by 1%, TE will on the average reduce by 7.56% and 3.95%, respectively. This suggests that proved reserve to production ratio affect TE of the operators negatively. Put differently, the longer the period it takes a firm to deplete its reserve, the less technical efficient the firm becomes. On the contrary, 1% increase in GTAX brings about 1.9% reduction in TE. This implies that increasing upstream taxes via government policy may lower the operators' TE as well as reducing the gross revenue. Ordinarily, paying more taxes to the host government tends to increase the cost of operation of a firm.
The R 2 statistic shows that the specified independent variables (GTAX, WCOD, OEXP, RPOIL and RPGAS) accounted for 90.2% variation in the dependent variable TE indexes, while the adjusted R 2 depicts that the independent variables are responsible for 88.4% variation in the dependent variable (TE indexes). The F-statistic which measures the worthiness of R 2 shows that R 2 is statistically significant, implying that the specified independent variables are jointly significant in explaining the dependent variable. The diagnostic test from Table 5 shows that the residual estimate of the estimated model is normally distributed at 5% significant level, thus the null hypothesis of normality is accepted. The Breusch-Pagan LM and Pesaran CD test statistics reject the null hypothesis of no correlation of the disturbances at conventional significance levels.
Policy implications and concluding remarks
In this paper, we have been able to use VRTS-DEA model to estimate TE for 32 active upstream operators in Nigeria. The model is suitable to analyse the TP of upstream oil and gas industries due to its assumption ceteris paribus. The results obtained were used to rank the 32 active operators based on contract as follows: JVC group, 75%; MFC group, 67%; SRC group, 65%; PSC group, 64%; SC-NAOC, 42% and NOC-NPDC, 23%. Similarly, the results of the parametric analysis indicate that four of the selected independent variables are key determinants of the upstream TP in Nigeria, i.e. crude oil demand, operator's experience, oil reserves to production ratio and gas reserves to production ratio. It appears that 1% increase in gross taxes pay by investors brings about 1.9% reductions in TE of the operator. This implies that increasing upstream taxes via government regulation reduces the operator's efficiency and perhaps gross revenue. Taxing operators regressively increases the total cost of operations to the investors and even to the host government irrespective of the type of contract in place.
The results also indicate an important policy direction towards the optimum performance of upstream industry in Nigeria. It is recorded that JVCOs perform better than the remaining contracts despite the inability of the host government to remit its cash calls as at when due. Reports show that NNPC is currently owing an accumulated sum of over $9.125billion due to unremitted cash call balance as at September 2016 , (NVBN, 2016 . However, our findings support the cash calls exits policy by the Nigeria government and confirm that the proposed exit is not harmful to both the government and the investors. In considering the performance of the indigenous participants, we submit that the government may put in place an indigenous human resource development strategy to enable the citizens to take absolute responsibility of their resource management. Conclusively, we suggest that further research is required to identify upstream operations' incentives' barriers to improve Nigeria oil and gas upstream technical efficiency. 
